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assist motor (40) rotates a drive shaft (22) only With electric 
poWer stored in a battery (94) under the non-operating 
condition of the engine (50), the clutch motor (30) applies a 
torque of rotational motion TST to the crankshaft (56) to 
rotate the crankshaft (56) at a predetermined revolving 
speed. This structure alloWs the crankshaft (56) to be rotated 
even When the engine (50) is at a stop, thereby supplying the 
required poWer to drive the auxiliary machinery. 
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POWER OUTPUT APPARATUS AND 
METHOD OF CONTROLLING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to a power output 
apparatus and a method of controlling the same. More 
speci?cally, the invention pertains to a poWer output appa 
ratus for transmitting or utilizing poWer output from an 
engine at a high ef?ciency and a method of controlling such 
a poWer output apparatus. 

2. Description of the Related Art 

In proposed poWer output apparatuses mounted on a 
vehicle, an output shaft of an engine is electromagnetically 
connected to a drive shaft linked With a rotor of a motor via 
an electromagnetic coupling, so that poWer of the engine is 
transmitted to the drive shaft (as disclosed in, for examples 
JAPANESE PATENT LAYING-OPEN GAZETTE No. 
53-133814). When the revolving speed of the motors Which 
starts driving the vehicle, reaches a predetermined levels the 
proposed poWer output apparatus supplies an exciting cur 
rent to the electromagnetic coupling in order to crank the 
engine, and subsequently carries out fuel injection into the 
engine as Well as spark ignitions thereby starting the engine 
and enabling the engine to supply poWer. When the vehicle 
speed is loWered and the revolving speed of the motor 
decreases to or beloW the predetermined levels on the other 
hand, the poWer output apparatus stops the supply of excit 
ing current to the electromagnetic coupling as Well as fuel 
injection into the engine and spark ignition, thereby termi 
nating operation of the engine. 

In the vehicle With such a poWer output apparatus incor 
porated therein, poWer required to drive auxiliary machinery 
is obtained through the rotation of the output shaft of the 
engine or compensated With the electric poWer stored in a 
battery. The auxiliary machinery includes auxiliary 
machines required for the operation of the poWer output 
apparatus, for example, a pump for circulating the cooling 
Water of the engine, and those required not for the operation 
of the poWer output apparatus but for the operation of the 
vehicle, such as a pump for a poWer steering and a pump for 
an air conditioner. In the system of supplying the poWer of 
the auxiliary machinery from the battery, the battery is 
required to have a large capacity and thereby a large siZe to 
supply sufficient electric poWer to the auxiliary machinery. 
The battery is generally charged With the regenerative elec 
tric poWer corresponding to the slip of the electromagnetic 
coupling. The total energy ef?ciency is thus loWered 
depending upon the operation ef?ciency of the electromag 
netic coupling and the charging ef?ciency and discharging 
ef?ciency of the battery. 

In the system that the auxiliary machinery is mechanically 
linked With the output shaft of the engine, mechanical 
energy produced by the rotation of the output shaft is 
directly supplied as the poWer of the auxiliary machinery. 
This structure does not cause the problem as discussed 
above. In this structure, hoWever, the output shaft of the 
engine does not rotate When the engine stops its operation 
and the vehicle is driven only With the electric poWer stored 
in the battery. The standing output shaft does not produce the 
poWer required for the operation of the auxiliary machinery. 

SUMMARY OF THE INVENTION 

The object of the present invention, Which overcomes the 
draWbacks of the prior art structures, is thus to transmit or 
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2 
utiliZe poWer generated by an engine at a high efficiency and 
enable suf?cient poWer to be supplied to auxiliary machin 
ery connecting With an output shaft of the engine even When 
the engine stops its operation and the vehicle is driven only 
With electric poWer stored in a battery. 

The above and the other related objects of the present 
invention are realiZed at least partly by a ?rst poWer output 
apparatus for outputting poWer to a drive shaft. The ?rst 
poWer output apparatus comprises: an engine having an 
output shaft; a ?rst motor comprising a ?rst rotor connected 
With the output shaft of the engine and a second rotor 
connected With the drive shaft, the second rotor being 
coaxial to and rotatable relative to the ?rst rotor, the ?rst and 
second rotors being electromagnetically connected With 
each other, Whereby poWer is transmitted betWeen the output 
shaft of the engine and the drive shaft via the electromag 
netic connection of the ?rst and second rotors; a ?rst 
motor-driving circuit for controlling a degree of electromag 
netic connection of the ?rst rotor and the second rotor in the 
?rst motor and regulating the rotation of the second rotor 
relative to the ?rst rotor; a second motor connected With the 
drive shaft; a second motor-driving circuit for driving and 
controlling the second motor; a storage battery being 
charged With electric poWer regenerated by the ?rst motor 
via the ?rst motor-driving circuit, being charged With elec 
tric poWer regenerated by the second motor via the second 
motor-driving circuit, discharging electric poWer required to 
drive the ?rst motor via the ?rst motor-driving circuit, and 
discharging electric poWer required to drive the second 
motor via the second motor-driving circuit; auxiliary 
machinery connected With the output shaft of the engine and 
driven by the poWer of the output shaft; and auxiliary 
machinery control means for controlling the ?rst motor 
driving circuit to enable the ?rst motor to apply a torque to 
the output shaft of the engine With the electric poWer stored 
in the storage battery While the engine stops its operation, 
the torque alloWing the output shaft of the engine to rotate 
at a predetermined revolving speed. 
Even When the engine stops its operation, the ?rst poWer 

output apparatus of the invention can drive the ?rst motor 
With the electric poWer stored in the storage battery so as to 
rotate the output shaft of the engine and thereby drive the 
auxiliary machinery connecting With the output shaft of the 
engine. 

In accordance With one aspect of the ?rst poWer output 
apparatus, the torque is a ?rst torque; and the auxiliary 
machinery control means comprises means for controlling 
the second motor-driving circuit to enable the second motor 
to apply a second torque to the drive shaft, in order to reduce 
a variation in torque of the drive shaft due to the rotation of 
the output shaft of the engine at the predetermined revolving 
speed. 

In accordance With another aspect of the ?rst poWer 
output apparatus, the auxiliary machinery control means 
comprises means for controlling the second motor-driving 
circuit to enable the second motor to apply the second torque 
to the drive shaft as a sum of a third torque and a fourth 
torque, the third torque being applied to rotate the drive shaft 
and the fourth torque having a magnitude substantially equal 
to the ?rst torque applied by the ?rst motor to rotate the 
output shaft of the engine at the predetermined revolving 
speed but being opposite in direction to the ?rst torque. 
The invention is also directed to a second poWer output 

apparatus for outputting poWer to a drive shaft. The second 
poWer output apparatus comprises: an engine having an 
output shaft; a complex motor comprising a ?rst rotor 
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connected With the output shaft of the engine, a second rotor 
connected With the drive shaft being coaxial to and rotatable 
relative to the ?rst rotor, and a stator for rotating the second 
rotor, the ?rst rotor and the second rotor constituting a ?rst 
motor, the second rotor and the stator constituting a second 
motor; a ?rst motor-driving circuit for driving and control 
ling the ?rst motor in the complex motor; a second motor 
driving circuit for driving and controlling the second motor 
in the complex motor; a storage battery being charged With 
electric poWer regenerated by the ?rst motor via the ?rst 
motor-driving circuit, being charged With electric poWer 
regenerated by the second motor via the second motor 
driving circuit, discharging electric poWer required to drive 
the ?rst motor via the ?rst motor-driving circuit, and dis 
charging electric poWer required to drive the second motor 
via the second motor-driving circuit; auxiliary machinery 
connected With the output shaft of the engine and driven by 
the poWer of the output shaft; and auxiliary machinery 
control means for controlling the ?rst motor-driving circuit 
to enable the ?rst motor in the complex motor to apply a 
torque to the output shaft of the engine With the electric 
poWer stored in the storage battery While the engine stops its 
operation, the torque alloWing the output shaft of the engine 
to rotate at a predetermined revolving speed. 

Even When the engine stops its operation the second 
poWer output apparatus of the invention can drive the ?rst 
motor in the complex motor With the electric poWer stored 
in the storage battery so as to rotate the output shaft of the 
engine and thereby drive the auxiliary machinery connecting 
With the output shaft of the engine. In the structure of the 
second poWer output apparatus, the ?rst motor is integrally 
joined With the second motor. This reduces the Weight and 
siZe of the Whole poWer output apparatus. 

In accordance With one aspect of the second poWer output 
apparatus, the torque is a ?rst torque; and the auxiliary 
machinery control means comprises means for controlling 
the second motor-driving circuit to enable the second motor 
in the complex motor to apply a second torque to the drive 
shaft, in order to reduce a variation in torque of the drive 
shaft due to the rotation of the output shaft of the engine at 
the predetermined revolving speed. 

In accordance With one aspect of the second poWer output 
apparatus, the auxiliary machinery control means controls 
the second motor-driving circuit to enable the second motor 
in the complex motor to apply the second torque to the drive 
shaft as a sum of a third torque and a fourth torque, the third 
torque being applied to rotate the drive shaft and the fourth 
torque having a magnitude substantially equal to the ?rst 
torque applied by the ?rst motor in the complex motor to 
rotate the output shaft of the engine at the predetermined 
revolving speed but being opposite in direction to the ?rst 
torque. 

In accordance With another aspect of the invention, a third 
poWer output apparatus for outputting poWer to a drive shaft 
comprises: an engine having an output shaft; a ?rst motor 
comprising a ?rst rotor connected With the output shaft of 
the engine and a second rotor connected With the drive shaft, 
the second rotor being coaxial to and rotatable relative to the 
?rst rotor, the ?rst and second rotors being electromagneti 
cally connected With each other, Whereby poWer is trans 
mitted betWeen the output shaft of the engine and the drive 
shaft via the electromagnetic connection of the ?rst and 
second rotors; a ?rst motor-driving circuit for controlling a 
degree of electromagnetic connection of the ?rst rotor With 
the second rotor in the ?rst motor and regulating the rotation 
of the second rotor relative to the ?rst rotor; a second motor 
comprising a third rotor connected With the output shaft of 
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4 
the engine; a second motor-driving circuit for driving and 
controlling the second motor; a storage battery being 
charged With electric poWer regenerated by the ?rst motor 
via the ?rst motor-driving circuit, being charged With elec 
tric poWer regenerated by the second motor via the second 
motor-driving circuit, discharging electric poWer required to 
drive the ?rst motor via the ?rst motor-driving circuit, and 
discharging electric poWer required to drive the second 
motor via the second motor-driving circuit; auxiliary 
machinery connected With the output shaft of the engine and 
driven by the poWer of the output shaft; and auxiliary 
machinery control means for controlling the second motor 
driving circuit to enable the second motor to apply a torque 
to the output shaft of the engine With the electric poWer 
stored in the storage battery While the engine stops its 
operation, the torque alloWing the output shaft of the engine 
to rotate at a predetermined revolving speed. 
Even When the engine stops its operation, the third poWer 

output apparatus of the invention can drive the second motor 
With the electric poWer stored in the storage battery so as to 
rotate the output shaft of the engine and thereby drive the 
auxiliary machinery connecting With the output shaft of the 
engine. 

In accordance With one aspect of the third poWer output 
apparatus, the torque is a ?rst torque, and the auxiliary 
machinery control means controls the second motor-driving 
circuit to enable the second motor to apply to the output 
shaft of the engine the ?rst torque, Which is greater than a 
second torque applied from the ?rst motor to the drive shaft. 

In accordance With still another aspect of the invention, a 
fourth poWer output apparatus for outputting poWer to a 
drive shaft comprises: an engine having an output shaft; a 
complex motor comprising a ?rst rotor connected With the 
output shaft of the engine, a second rotor connected With the 
drive shaft being coaxial to and rotatable relative to the ?rst 
rotor, and a stator for rotating the ?rst rotor, the ?rst rotor 
and the second rotor constituting a ?rst motor, the ?rst rotor 
and the stator constituting a second motor; a ?rst motor 
driving circuit for driving and controlling the ?rst motor in 
the complex motor; a second motor-driving circuit for 
driving and controlling the second motor in the complex 
motor; a storage battery being charged With electric poWer 
regenerated by the ?rst motor via the ?rst motor-driving 
circuit, being charged With electric poWer regenerated by the 
second motor via the second motor-driving circuit, discharg 
ing electric poWer required to drive the ?rst motor via the 
?rst motor-driving circuit, and discharging electric poWer 
required to drive the second motor via the second motor 
driving circuit; auxiliary machinery connected With the 
output shaft of the engine and driven by the poWer of the 
output shaft; and auxiliary machinery control means for 
controlling the second motor-driving circuit to enable the 
second motor in the complex motor to apply a torque to the 
output shaft of the engine With the electric poWer stored in 
the storage battery While the engine stops its operation, the 
torque alloWing the output shaft of the engine to rotate at a 
predetermined revolving speed. 
Even When the engine stops its operation, the fourth 

poWer output apparatus of the invention can drive the second 
motor in the complex motor With the electric poWer stored 
in the storage battery so as to rotate the output shaft of the 
engine and thereby drive the auxiliary machinery connecting 
With the output shaft of the engine. In the structure of the 
fourth poWer output apparatus, the ?rst motor is integrally 
joined With the second motor. This reduces the Weight and 
siZe of the Whole poWer output apparatus. 

In accordance With one aspect of the fourth poWer output 
apparatus, the torque is a ?rst torque, and the auxiliary 
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machinery control means comprises means for controlling 
the second motor-driving circuit to enable the second motor 
in the complex motor to apply to the output shaft of the 
engine the ?rst torque, Which is greater than a second torque 
applied from the ?rst motor in the complex motor to the 
drive shaft. 

The above and the other objects of the present invention 
are also realiZed at least partly by a ?rst method of control 
ling a poWer output apparatus for outputting poWer to a drive 
shaft. The ?rst method comprises the steps of: (a) providing 
an engine having an output shafts a ?rst motor comprising 
a ?rst rotor connected With the output shaft of the engine and 
a second rotor connected With the drive shaft, the second 
rotor being coaXial to and rotatable relative to the ?rst rotor, 
the ?rst and second rotors being electromagnetically con 
nected With each other, Whereby poWer is transmitted 
betWeen the output shaft of the engine and the drive shaft via 
the electromagnetic connection of the ?rst and second 
rotors; a second motor connected With the drive shaft; a 
storage battery being charged With electric poWer regener 
ated by the ?rst motor, being charged With electric poWer 
regenerated by the second motor, discharging electric poWer 
required to drive the ?rst motor, and discharging electric 
poWer required to drive the second motor; and auXiliary 
machinery connected With the output shaft of the engine and 
driven by the poWer of the output shaft; and (b) controlling 
the ?rst motor to enable the ?rst motor to apply a torque to 
the output shaft of the engine With the electric poWer stored 
in the storage battery While the engine stops its operation, 
the torque alloWing the output shaft of the engine to rotate 
at a predetermined revolving speed. 
Even When the engine stops its operation, the ?rst method 

of the invention can drive the ?rst motor With the electric 
poWer stored in the storage battery so as to rotate the output 
shaft of the engine and thereby drive the auXiliary machinery 
connecting With the output shaft of the engine. 

In accordance With one aspect of the ?rst method, the 
torque is a ?rst torque; and the ?rst method further com 
prises the step of (c) controlling the second motor to enable 
the second motor to apply a second torque to the drive shaft 
as a sum of a third torque and a fourth torque, the third 
torque being applied to rotate the drive shaft and the fourth 
torque having a magnitude substantially equal to the ?rst 
torque applied by the ?rst motor to rotate the output shaft of 
the engine at the predetermined revolving speed but being 
opposite in direction to the ?rst torque. 

The present invention is further directed to a second 
method of controlling a poWer output apparatus for output 
ting poWer to a drive shaft. The second method comprises 
the steps of: (a) providing an engine having an output shaft; 
a ?rst motor comprising a ?rst rotor connected With the 
output shaft of the engine and a second rotor connected With 
the drive shaft, the second rotor being coaXial to and 
rotatable relative to the ?rst rotor, the ?rst and second rotors 
being electromagnetically connected With each other, 
Whereby poWer is transmitted betWeen the output shaft of 
the engine and the drive shaft via the electromagnetic 
connection of the ?rst and second rotors; a second motor 
connected With the output shaft of the engine; a storage 
battery being charged With electric poWer regenerated by the 
?rst motor, being charged With electric poWer regenerated by 
the second motor, discharging electric poWer required to 
drive the ?rst motor, and discharging electric poWer required 
to drive the second motor; and auXiliary machinery con 
nected With the output shaft of the engine and driven by the 
poWer of the output shaft; and (b) controlling the second 
motor to enable the second motor to apply a torque to the 
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output shaft of the engine With the electric poWer stored in 
the storage battery While the engine stops its operation, the 
torque alloWing the output shaft of the engine to rotate at a 
predetermined revolving speed. 
Even When the engine stops its operation, the second 

method of the invention can drive the second motor With the 
electric poWer stored in the storage battery so as to rotate the 
output shaft of the engine and thereby drive the auXiliary 
machinery connecting With the output shaft of the engine. 

In accordance With one aspect of the second method, the 
torque is a ?rst torque; and the second method further 
comprises the step of (c) controlling the second motor 
driving circuit to enable the second motor to apply to the 
output shaft of the engine the ?rst torque, Which is greater 
than a second torque applied from the ?rst motor to the drive 
shaft. 

These and other objects, features aspects, and advantages 
of the present invention Will become more apparent from the 
folloWing detailed description of the preferred embodiments 
With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically illustrates structure of a poWer 
output apparatus 20 as a ?rst embodiment according to the 
present invention; 

FIG. 2 is a cross sectional vieW illustrating detailed 
structures of a clutch motor 30 and an assist motor 40 
included in the poWer output apparatus 20 of FIG. 1; 

FIG. 3 is a schematic vieW illustrating general structure of 
a vehicle With the poWer output apparatus 20 of FIG. 1 
incorporated therein; 

FIG. 4 is a graph shoWing the operation principle of the 
poWer output apparatus 20; 

FIG. 5 is a ?oWchart shoWing a torque control routine 
eXecuted by the controller 80 in the ?rst embodiment; 

FIG. 6 is a ?oWchart shoWing details of the control 
process of the clutch motor 30 eXecuted at step S108 in the 
?oWchart of FIG. 5; 

FIGS. 7 and 8 are ?oWcharts shoWing details of the 
control process of the assist motor 40 eXecuted at step S110 
in the ?oWchart of FIG. 5; 

FIG. 9 is a ?oWchart shoWing an engine stop-time torque 
control routine eXecuted by the controller 80 in the ?rst 
embodiment; 

FIG. 10 schematically illustrates a poWer output apparatus 
20A as a modi?cation of the ?rst embodiment; 

FIG. 11 schematically illustrates structure of another 
poWer output apparatus 20B as a second embodiment 
according to the present invention; 

FIG. 12 is a ?oWchart shoWing a torque control routine 
eXecuted by the controller 80 in the second embodiment; 

FIG. 13 is a ?oWchart shoWing an engine stop-time torque 
control routine eXecuted by the controller 80 in the second 
embodiment; 

FIG. 14 schematically illustrates a poWer output apparatus 
20C as a modi?cation of the second embodiment; 

FIG. 15 schematically illustrates a poWer output apparatus 
20D as another modi?cation of the second embodiment; and 

FIG. 16 shoWs application of the poWer plant 20 of FIG. 
1 to a vehicle With a four-Wheel drive. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

FIG. 1 is a schematic vieW illustrating structure of a 
poWer output apparatus 20 as a ?rst embodiment according 
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to the present invention; FIG. 2 is a cross sectional vieW 
illustrating detailed structures of a clutch motor 30 and an 
assist motor 40 included in the poWer output apparatus 20 of 
FIG. 1; and FIG. 3 is a schematic vieW illustrating a general 
structure of a vehicle With the poWer output apparatus 20 of 
FIG. 1 incorporated therein. The general structure of the 
vehicle is described ?rst as a matter of convenience. 

Referring to FIG. 3, the vehicle is provided With an engine 
50 driven by gasoline as a poWer source. The air ingested 
from an air supply system via a throttle valve 66 is mixed 
With fuel, that is, gasoline in this embodiment, injected from 
a fuel injection valve 51. The air/fuel mixture is supplied 
into a combustion chamber 52 to be explosively ignited and 
burned. Linear motion of a piston 54 pressed doWn by the 
explosion of the air/fuel mixture is converted to rotational 
motion of a crankshaft 56. The throttle valve 66 is driven to 
open and close by an actuator 68. An ignition plug 62 
converts a high voltage applied from an igniter 58 via a 
distributor 60 to a spark Which explosively ignites and 
combusts the air/fuel mixture. 

Operation of the engine 50 is controlled by an electronic 
control unit (hereinafter referred to as EFIECU) 70. The 
EFIECU 70 receives information from various sensors, 
Which detect operating conditions of the engine 50. These 
sensors include a throttle valve position sensor 67 for 
detecting the position of the throttle valve 66, a manifold 
vacuum sensor 72 for measuring a load applied to the engine 
50, a Water temperature sensor 74 for measuring the tem 
perature of cooling Water in the engine 50, and a speed 
sensor 76 and an angle sensor 78 mounted on the distributor 
60 for measuring the revolving speed and rotational angle of 
the crankshaft 56. Astarter sWitch 79 for detecting a starting 
condition ST of an ignition key (not shoWn) is also con 
nected to the EFIECU 70. Other sensors and sWitches 
connecting With the EFIECU 70 are omitted from the 
draWings. 

The crankshaft 56 of the engine 50 is linked With a drive 
shaft 22 via a clutch motor 30 and an assist motor 40 

(described later in detail). The drive shaft 22 further con 
nects With a differential gear 24, Which eventually transmits 
the torque output from the drive shaft 22 of the poWer output 
apparatus 20 to left and right driving Wheels 26 and 28. The 
clutch motor 30 and the assist motor 40 are driven and 
controlled by a controller 80. The controller 80 includes an 
internal control CPU and receives inputs from a gearshift 
position sensor 84 attached to a gearshift 82 and an accel 
erator position sensor 65 attached to an accelerator pedal 64, 
as described later in detail. The controller 80 sends and 
receives a variety of data and information to and from the 
EFIECU 70 through communication. Details of the control 
procedure including a communication protocol Will be 
described later. 

Some auxiliary machines are connected directly or via a 
belt 102 to a crankshaft 56B, Which is projected from the 
engine 50 opposite in direction to the crankshaft 56. The 
auxiliary machines include a cooling pump 104 for circu 
lating cooling Water for the engine 50 and a P/S pump 106 
for supplying poWer to a poWer steering. These auxiliary 
machines receive poWer produced through the rotation of the 
crankshaft 56B. 

Referring to FIG. 1, the poWer output apparatus 20 
essentially includes the engine 50 the clutch motor 30 With 
an outer rotor 32 and an inner rotor 34, the assist motor 40 
With a rotor 42 and the controller 80 for driving and 
controlling the clutch motor 30 and the assist motor 40. The 
outer rotor 32 of the clutch motor 30 is mechanically 
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connected to one end of the crankshaft 56 of the engine 50 
Whereas the inner rotor 34 thereof is mechanically linked 
With the rotor 42 of the assist motor 40. 

As shoWn in FIG. 1, the clutch motor 30 is constructed as 
a synchronous motor having permanent magnets 35 attached 
to an inner surface of the outer rotor 32 and three-phase coils 
36 Wound on slots formed in the inner rotor 34. PoWer is 
supplied to the three-phase coils 36 via a rotary transformer 
38. A thin laminated sheet of non-directional electromag 
netic steel is used to form teeth and slots for the three-phase 
coils 36 in the inner rotor 34. A resolver 39 for measuring a 
rotational angle 0e of the crankshaft 56 is attached on the 
crankshaft 56. The resolver 39 may also serve as the angle 
sensor 78 mounted on the distributor 60. 

The assist motor 40 is also constructed as a synchronous 
motor having three-phase coils 44, Which are Wound on a 
stator 43 ?xed to a casing 45 to generate a rotating magnetic 
?eld. The stator 43 is also made of a thin laminated sheet of 
non-directional electromagnetic steel. A plurality of perma 
nent magnets 46 are attached to an outer surface of the rotor 
42. In the assist motor 40, interaction betWeen a magnetic 
?eld formed by the permanent magnets 46 and a rotating 
magnetic ?eld formed by the three-phase coils 44 leads to 
rotation of the rotor 42. The rotor 42 is mechanically linked 
With the drive shaft 22 Working as the torque output shaft of 
the poWer output apparatus 20. A resolver 48 for measuring 
a rotational angle 0d of the drive shaft 22 is attached to the 
drive shaft 22, Which is further supported by a bearing 49 
held in the casing 45. 
The inner rotor 34 of the clutch motor 30 is mechanically 

linked With the rotor 42 of the assist motor 40 and further 
With the drive shaft 22. When the rotation and axial torque 
of the crankshaft 56 of the engine 50 are transmitted via the 
outer rotor 32 to the inner rotor 34 of the clutch motor 30, 
the rotation and torque by the assist motor 40 are added to 
or subtracted from the transmitted rotation and torque. 

While the assist motor 40 is constructed as a conventional 
permanent magnet-type three-phase synchronous motor, the 
clutch motor 30 includes tWo rotating elements or rotors, 
that is, the outer rotor 32 With the permanent magnets 35 and 
the inner rotor 34 With the three-phase coils 36. The detailed 
structure of the clutch motor 30 is described With the cross 
sectional vieW of FIG. 2. The outer rotor 32 of the clutch 
motor 30 is attached to a circumferential end of a Wheel 57 
set around the crankshaft 56, by means of a pressure pin 59a 
and a screW 59b. A central portion of the Wheel 57 is 
protruded to form a shaft-like elements to Which the inner 
rotor 34 is rotatably attached by means of bearings 37A and 
37B. One end of the drive shaft 22 is ?xed to the inner rotor 
34. 

A plurality of permanent magnets 35, four in this 
embodiment, are attached to the inner surface of the outer 
rotor 32 as mentioned previously. The permanent magnets 
35 are magnetiZed in the direction toWards the axial center 
of the clutch motor 30, and have magnetic poles of alter 
nately inverted directions. The three-phase coils 36 of the 
inner rotor 34 facing to the permanent magnets 35 across a 
little gap are Wound on a total of 24 slots (not shoWn) formed 
in the inner rotor 34. Supply of electricity to the respective 
coils forms magnetic ?uxes running through the teeth (not 
shoWn), Which separate the slots from one another. Supply 
of a three-phase alternating current to the respective coils 
rotates this magnetic ?eld. The three-phase coils 36 are 
connected to receive electric poWer supplied from the rotary 
transformer 38. The rotary transformer 38 includes primary 
Windings 38a ?xed to the casing 45 and secondary Windings 
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38b attached to the drive shaft 22 coupled With the inner 
rotor 34. Electromagnetic induction allows electric poWer to 
be transmitted from the primary Windings 38a to the sec 
ondary Windings 38b or vice versa. The rotary transformer 
38 has Windings for three phases, that is, U, V, and W phases, 
to enable the transmission of three-phase electric currents. 

Interaction betWeen a magnetic ?eld formed by one 
adjacent pair of permanent magnets 35 and a rotating 
magnetic ?eld formed by the three-phase coils 36 of the 
inner rotor 34 leads to a variety of behaviors of the outer 
rotor 32 and the inner rotor 34. The frequency of the 
three-phase alternating current supplied to the three-phase 
coils 36 is generally equal to a difference betWeen the 
revolving speed (revolutions per second) of the outer rotor 
32 directly connected to the crankshaft 56 and the revolving 
speed of the inner rotor 34. This results in a slip betWeen the 
rotations of the outer rotor 32 and the inner rotor 34. Details 
of the control procedures of the clutch motor 30 and the 
assist motor 40 Will be described later based on the ?oW 
charts. 
As mentioned above, the clutch motor 30 and the assist 

motor 40 are driven and controlled by the controller 80. 
Referring back to FIG. 1, the controller 80 includes a ?rst 
driving circuit 91 for driving the clutch motor 30, a second 
driving circuit 92 for driving the assist motor 40, a control 
CPU 90 for controlling both the ?rst and second driving 
circuits 91 and 92, and a battery 94 including a number of 
secondary cells. The control CPU 90 is a one-chip micro 
processor including a RAM 90a used as a Working memory, 
a RON 90b in Which various control programs are stored, an 
input/output port (not shoWn), and a serial communication 
port (not shoWn) through Which data are sent to and received 
from the EFIECU 70. The control CPU 90 receives a variety 
of data through the input/output port. The input data include 
a rotational angle 6e of the crankshaft 56 of the engine 50 
from the resolver 39, a rotational angle 6d of the drive shaft 
22 from the resolver 48, an accelerator pedal position AP 
(pressing amount of the accelerator pedal 64) from the 
accelerator position sensor 65, a gearshift position SP from 
the gearshift position sensor 84, clutch motor currents Iuc 
and Ivc from tWo ammeters 95 and 96 in the ?rst driving 
circuit 91, assist motor currents Iua and Iva from tWo 
ammeters 97 and 98 in the second driving circuit 92, and a 
residual capacity BRM of the battery 94 from a residual 
capacity meter 99. The residual capacity meter 99 may 
determine the residual capacity BRN of the battery 94 by 
any knoWn methods for example, by measuring the speci?c 
gravity of an electrolytic solution in the battery 94 or the 
Whole Weight of the battery 94, by computing the currents 
and time of charge and discharge, or by causing an instan 
taneous short-circuit betWeen terminals of the battery 94 and 
measuring an internal resistance against the electric current. 

The control CPU 90 outputs a ?rst control signal SW1 for 
driving siX transistors Tr1 through Tr6 Working as sWitching 
elements of the ?rst driving circuit 91 and a second control 
signal SW2 for driving siX transistors Tr11 through Tr16 
Working as sWitching elements of the second driving circuit 
92. The siX transistors Tr1 through Tr6 in the ?rst driving 
circuit 91 constitute a transistor inverter and are arranged in 
pairs to Work as a source and a drain With respect to a pair 
of poWer lines P1 and P2. The three-phase coils (U,V,W) 36 
of the clutch motor 30 are connected via the rotary trans 
former 38 to the respective contacts of the paired transistors. 
The poWer lines P1 and P2 are respectively connected to 
plus and minus terminals of the battery 94. The ?rst control 
signal SW1 output from the control CPU 90 successively 
controls the poWer-on time of the paired transistors Tr1 
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through Tr6. The electric current ?oWing through each coil 
36 undergoes PWM (pulse Width modulation) to give a 
quasi-sine Wave, Which enables the three-phase coils 36 to 
form a rotating magnetic ?eld. 
The siX transistors Tr11 through Tr16 in the second 

driving circuit 92 also constitute a transistor inverter and are 
arranged in the same manner as the transistors Tr1 through 
Tr6 in the ?rst driving circuit 91. The three-phase coils 
(U,V,W) 44 of the assist motor 40 are connected to the 
respective contacts of the paired transistors. The second 
control signal SW2 output from the control CPU 90 suc 
cessively controls the poWer-on time of the paired transistors 
Tr11 through Tr16. The electric current ?oWing through 
each coil 44 undergoes PWM to give a quasi-sine Wave, 
Which enables the three-phase coils 44 to form a rotating 
magnetic ?eld. 
The poWer output apparatus 20 thus constructed Works in 

accordance With the operation principles described beloW, 
especially With the principle of torque conversion. By Way 
of example, it is assumed that the engine 50 driven by the 
EFIECU 70 rotates at a revolving speed Ne equal to a 
predetermined value N1. While the transistors Tr1 through 
Tr6 in the ?rst driving circuit 91 are in OFF position, the 
controller 80 does not supply any current to the three-phase 
coils 36 of the clutch motor 30 via the rotary transformer 38. 
No supply of electric current causes the outer rotor 32 of the 
clutch motor 30 to be electromagnetically disconnected from 
the inner rotor 34. This results in racing the crankshaft 56 of 
the engine 50. Under the condition that all the transistors Tr1 
through Tr6 are in OFF position, there is no regeneration of 
energy from the three-phase coils 36, and the engine 50 is 
kept at an idle. 
As the control CPU 90 of the controller 80 outputs the ?rst 

control signal SW1 to control on and off the transistors Tr1 
through Tr6 in the ?rst driving circuit 91, a constant electric 
current is ?oWn through the three-phase coils 36 of the 
clutch motor 30, based on the difference betWeen the revolv 
ing speed Ne of the crankshaft 56 of the engine 50 and a 
revolving speed Nd of the drive shaft 22 (that is, difference 
Kc (=Ne-Nd) betWeen the revolving speed of the outer rotor 
32 and that of the inner rotor 34 in the clutch motor 30). A 
certain slip accordingly eXists betWeen the outer rotor 32 and 
the inner rotor 34 connected With each other in the clutch 
motor 30. At this moments the inner rotor 34 rotates at the 
revolving speed Nd, Which is loWer than the revolving speed 
Ne of the crankshaft 56 of the engine 50. In this states the 
clutch motor 30 functions as a generator and carries out the 
regenerative operation to regenerate an electric current via 
the ?rst driving circuit 91. In order to alloW the assist motor 
40 to consume energy identical With the electrical energy 
regenerated by the clutch motor 30, the control CPU 90 
controls on and off the transistors Tr11 through Tr16 in the 
second driving circuit 92. The on-off control of the transis 
tors Tr11 through Tr16 enables an electric current to How 
through the three-phase coils 44 of the assist motor 40, and 
the assist motor 40 consequently carries out the poWer 
operation to produce a torque. 

Referring to FIG. 4D While the crankshaft 56 of the 
engine 50 is driven at a revolving speed N1 and a torque T1, 
energy in a region G1 is regenerated as electric poWer by the 
clutch motor 30. The regenerated poWer is supplied to the 
assist motor 40 and converted to energy in a region G2, 
Which enables the drive shaft 22 to rotate at a revolving 
speed N2 and a torque T2. The torque conversion is carried 
out in the manner discussed above, and the energy corre 
sponding to the slip in the clutch motor 30 or the revolving 
speed difference Nc (=Ne-Nd) is consequently given as a 
torque to the drive shaft 22. 


















